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SYNOPSIS
Multispectral images of Mars obtained from
the Hubble Space Telescope during 1995
have provided the first calibrated, high spatial
resolution  measurements of unfrosted north
polar terrains in the near-infrared  (750 to
1050 nm). The images reveal that the dark, cir-
cumpolar annulus has a 25-30% deep absorp-
tion feature near 953 nm. This band is one of
the strongest mineralogic absorption features
yet detected on Mars. Because the band appears
to be centered near 953 nm as opposed to 860
nm  or >1000 nm, we interpret its most likely
origin as an Fe2 +  feature in a low-Ca
pyroxene. However, alternate possibilities such
as a different pyroxene chemistry or the pres-
ence of various ferric phases, cannot be entirely
discounted.  We believe that the strength of
the band is probably the result of coarser parti-
cle sizes and a more confined particle size range
related to the known occurrence of sand
dunes in this part of Mars. Alternate possibili-
ties that may explain some or all of this effect
include  increased pyroxene abundances, varia-
tions in pyroxene chemistry that could  lead to
increased band depths, or less Fe3+ oxidative
weathering in  this surface region.

OBSERVATIONS
During July and August 1995 the Hubble
Space Telescope (HST) obtained 9-filter
multispectral CCD images of Mars as part of a
long-term synoptic  monitoring program [1,
2]. The observations were designed to aug-
ment the earlier HST 5-filter UV to visible ob-
serving program by providing additional mea-
surements in the near-IR at wavelengths diag-
nostic of ferric and ferrous minerals [3,4]. Im-
ages were obtained with the Wide Field/Plane-
tary Camera 2 (WFPC2) in 7 filters with the
PC chip (255, 336, 410, 502, 673, 953, and
1042 nm) and at 2 linear ramp filter positions
with WF chip 4 (740, 860 nm).  The observa-
tions were obtained when Mars subtended
only 4.8 to 5.6 arcsec, and thus the sub-Earth
point spatial resolution for the PC images is 55-
60 km/pixel  and for the WF images is 110-120
km/pixel. The spatial resolution in the polar re-
gions is typically 100-200 km/pixel. The sea-
son on Mars at this time was mid northern 

Figure 1: Spectra extracted from the 6 July
1995 HST image cube. (Top) Typical bright,
dark, and polar cap spectra. (Bottom)  Spectra
extracted from several longitudes along the
dark circumpolar annulus near 85°N.
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Figure 2: Polar stereographic projection of
953 nm band depth map generated from 6 Ju-
ly 1995 HST image cube. Map edge is 45°N
and 0° longitude is at the top; latitude grid
marks are 15° and longitude grid marks are 30°.

summer Ls=122° to 145°), and the Earth-Mars
viewing geometry offered very favorable
views of the northern polar regions (Sub-Earth
latitude = 26°). Because Mars is always quite
distant from the Earth during its northern sum-
mer season, groundbased observations during
this season cannot provide very high spatial
resolution.  The Viking Orbiters did not ob-
tain near-IR data and Phobos-2 only obtained
data at equatorial latitudes, so these HST imag-
es are the first  high-quality, calibrated mea-
surements of these surface regions in the near-
IR. The HST data in the near-UV and visible
also substantially extend the time  base for
these types of measurements.

RESULTS
We calibrated the HST images to I/F [5] and
then coregistered the data into a polar
stereographic map projected image cube. We

then extracted spectra  from the image cube to
search for anomalous spectral units. Typical
bright, dark, and polar cap regions show
good agreement with previous groundbased
spectroscopic results (Figure 1, top). The
most interesting regions that we found were as-
sociated with the dark circumpolar annulus.
Spectra of these regions (Figure 1, bottom) ap-
pear similar to spectra of typical dark regions,
except for a strong decrease in radiance factor
in the 953 nm filter. In order to better visual-
ize this spectral feature we constructed a band
depth map [5,6] of the 953 nm absorption rela-
tive to a continuum defined by the 740 nm
and 1042 nm images. The resulting band
depth map  (Figure 2) shows that the regions of
enhanced 953 nm absorption correlate directly
with       areas mapped as dune fields from Vi-
king Orbiter imagers [7,8]. The region also
shows a good, though not perfect, correlation
with regions of lower polar thermal inertia as
presented by [9]. We are continuing to  ex-
plore correlations between this region of en-
hanced band depth with geology, albedo, and
topography in order to more accurately con-
strain its origin. Currently, we believe that the
most likely interpretation of the results in  Fi
g. 2 is that coarser grain sizes and a more uni-
form particle size distribution are leading to an
enhancement in the depth of the pyroxene
band in the dark, basaltic polar dune deposits.
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